Antibiotic resistant bacteria pass between humans, between animals and between humans and animals in both directions, the use of antibiotics in poultry has contributed to multiple antibiotic resistant in pathogenic bacteria and use of two antibiotics might prevent the emergence of resistance to either. In this study, synergistic effect of combined antibiotics against multidrug resistant human pathogenic bacterial isolates from poultry droppings in Akure, Nigeria was examined. Collection of samples, isolation and identification of bacteria were carried out using standard microbiological method, antibiotic sensitivity test was performed by disc diffusion method and zone of inhibition was used to interpret the sensitivity test as resistant, susceptible or intermediate while combined effects of two antibiotics were investigated by macrobroth dilution and checkerboard assay methods while the synergetic effects of combined antibiotics were calculated using Fractional Inhibitory Concentration (FIC) and percentage synergistic interaction was calculated. All the ten (10) species of bacterial isolates were multidrug resistant and are less resistant to ofloxacin. The highest percentage synergistic interactions observed were Ofloxacin + Amoxicillin (90%
Introduction
In reality, increasing resistance levels are driven by antibiotic use in all sectors: in humans, in community and in hospitals, on farms and in companion animals. Although resistance in human infections is mainly caused by human antibiotic use, for a range of bacteria, antibiotic use in farm-animal contributes significantly and for some infections, antibiotic use in farm-animal is the main source of resistance. Antibiotic-resistant bacteria pass between humans, between animals and between humans and animals in both directions mostly through the food chain much more frequently than once realized.
Copies of antibiotic-resistance genes can also move between bacteria, and this exchange can occur in the human gut, so in some cases the bacteria causing a human infection will not be of farm-animal origin, but the resistance will be [1] [2] [3] .
The use of antimicrobial agents in veterinary practice improves poultry health and production [4] [5] . The development of resistance to antibiotics in bacteria led to a discussion about the careful use of antimicrobial agents, especially in veterinary medicine, nutrition and agriculture [6] . It is very important to monitor the resistance to antibiotics not only in human bacterial pathogens but also in pathogenic and commensal bacteria of animal origin [7] . The rapid emergence of resistance to antibiotics amongst pathogens generates visions of the potential post-antibiotic era threatening present and future medical advances [8] .
Since there is a growing awareness of public health concerns associated with the emergence of drug-resistant strains of bacteria [8] and antibiotic resistance is currently involving most of the known classes of natural and synthetic antibiotics [9] , there is an urgent need for antibiotics with novel scaffolds and mechanism of actions. In response to identifying alternative means to combat these situations, combination therapy or polypharmacy has been acknowledged as a promising therapeutic approach [10] [11] .
Combining two antibiotics may result in synergism, indifference or antagonism. In the case of synergism, microbial inhibition is achieved at concentrations below that for each agent alone [11] , hence synergy is defined as significantly greater activity provided by two agents combined than that provided by the sum of each agent alone [12] [13].
The clinical use of combination of antibiotic therapy for bacterial infections in general can be divided into two categories [13] . In the first category, such therapy is used to improve clinical outcomes of infections with strains that are susceptible to one or more individual antibiotics. The primary rationale for combining two agents is to enhance the activity or either by achievement of a synergistic effect. A secondary rationale is to allow lower doses of either antibiotic to reduce toxicity. Third, use of two antibiotics might prevent the emergence of resistance to either. The second category of antibiotic combination use has evolved during the last decade, during which certain clinical species have become resistant to all available antibacterial agents or to all except a single agent, combination therapy is occasionally recommended to prevent resistance emerging during treatment [11] [13] [14] .
To avoid unpleasant pharmacological and therapeutic actions related to drug-drug interactions [15] and forestall therapeutic failures, development of bacterial resistance and increased cost of treatment often associated with the inept polypharmaceutical practices [11] , and researches in synergistic mechanisms of action for controlling microbial infections becomes indispensable. Tetracycline, Chloramphenicol, Amoxicillin and Cotrimoxazole are widely used to treat community and healthcare-associated infections. The emergence and dissemination of antimicrobial resistance to these antibiotics represents a significant threat to human health [16] . This study therefore investigate the synergetic effect of combinations of different antibiotics on some selected multiple antibiotic resistance bacterial isolates from poultry droppings in Akure, Nigeria.
Materials and Methods

Sample Locations
Akure is the largest city and capital of Ondo State, located in south-west Nigeria. Akure lies about 70˚15 north of the equator and 50˚15 east Meridian. The city has a population of 588,000 which is 0.305% of Nigeria population based on 2006 population census, the people are of Yoruba ethnic group and are situated in the tropic rainforest. The city is a trade center for farmers where cocoa, bananas, palm oil, yams, cassava, corn, cotton and tobacco are mostly cultivated, the residents also engaged in various economic activities such as trading, transportation business, civil service and education.
During this research, Six hundred and eighty four (684) fresh poultry droppings were collected from forty eight (48) different poultries across nine (9) different locations, namely; FUTA, Aba, Apatapiti, Ijoka, Oritaobele, Ado road, Ondo road, Alagbaka and Lafe where poultry farming are mostly located in Akure metropolis.
Sample Collection
Fresh droppings of poultry birds were collected from poultries as described by [17] , [18] , labeled appropriately with the source, time and date of collection. They were transported to microbiology research laboratory of Federal University of Technology, Akure (FUTA) within one hour of collection for microbiological analyses.
Isolation and Identification of Bacteria from Poultry Droppings
Sample collected in McCartney bottle was gently shake and stirred with sterile glass rod until the droppings mixed thoroughly, aliquot (1.0 ml) was transferred into the test tube containing 9.0 ml of sterile distilled water and diluted serially in one-tenth stepwise to 10 −7 dilution factor and 1.0 ml each of dilution 10 −5 , 10 −6 and 10 −7 was pure plated on Nutrient agar and some selective and differential media (Salmonella Shigella agar, Eosin Methylene Blue agar, MacConkey agar and Manitol Salt ager), the plates were inverted and incubated aerobically at 37˚C for 24 hours after which the plates were examined for growth. The bacteria colonies that developed on all media plates were subculture by streaking on a freshly prepared nutrient agar plates until pure colonies were obtained, different biochemical test were carried out for further identification according to procedure highlighted by [19] .
Antibiotic Susceptibility Test
Antibiotics susceptibility test of all the isolates was determined by the disk diffusion method and interpreted as susceptible, intermediate and resistant as described by Clinical Laboratory Standardization Institute [20] . 
Antibiotics Used in This Research for Synergistic Assay
Commercially available antibiotics were gotten from a standard and registered pharmaceutical store located at FUTA south gate, Akure. Tetracycline, Chloramphenicol, Ofloxacin, Ciprofloxacin, Amoxicillin, Augmentin and Cotrimoxazole were used. Stock antibiotic solutions were prepared and dilutions made as described by [20] .
Determination of Minimum Inhibitory Concentration (MIC)
The MIC of different antibiotics were determined against the isolates by a standard broth dilution method, briefly serial two fold dilution of the antimicrobial agents was prepared in Mueller Hinton broth (MHB) in test tubes. Culture were grown over night at 37˚C, the standard inocula were prepared by direct suspension in MHB and adjusted with sterile saline until the turbidity matched a 0.5 MacFarland standard. Drug-containing and control test tubes were inoculated with the diluted bacteria suspension that gave a final concentration of ~10 5 CFU/ml. The MIC was determined as the lowest concentration of each drug at which no visible growth was observed by visual examination of the plats after 24 hours incubation at 37˚C, the turbidity were also read spec- 
MIC of Combined Antibiotics on Multidrug Resistant Bacteria
Checkerboard assay was employed using tube dilution [22] . The range of drug concen-tration used in the checkerboard assay was such that the dilution range encompassed the MIC for each drug used in the analysis. Representative pairs of antibiotics known to show either synergism or antagonism when acting on certain bacteria in broth were tested for their combined effect on bacteria [11] . The MIC of the combined antibiotics was determined as described by [23] .
Calculation of Fractional Inhibitory Concentration Index (FIC)
The FIC of combined antibiotics was determined by a standard checkerboard method
The FIC calculated according to the equation [24] : 
Calculation of Percentage Synergetic Interaction
In this study, two antibiotics were combined in these four different ways: (Tetracycline where "a" = number of synergetic interaction against the tested bacterial isolates, "b" = total number of tested bacterial isolates. All the bacterial isolates were multidrug resistant, however, Table 1 revealed ten selected bacterial isolates that were multidrug resistant; however, they are susceptible to ofloxacin compared to other antibiotics except Escherichia coli and Pseudomonas aeruginosa which were also resistant to all the tested antibiotics. 
Results
Bacteria Isolated form Poultry Droppings
Key: S = Susceptible; I= Intermediate; R= Resistant; -= Not determined.
Minimum Inhibitory Concentration of Selected Multiple Antibiotic Resistant Bacteria
Minimum Inhibitory Concentration was carried out on selected multiple antibiotic resistant bacteria isolated from poultry droppings and presented in Table 2 . The range of MIC observed in Augmentin is 64 µg/ml to 128 µg/ml, the lowest was observed in Escherichia coli and Staphylococcus aureus while others are 128 µg/ml. The MIC observed in bacteria against ofloxacin and ciprofloxacin were generally lower than what was observed in other antibiotics, the range of MIC is from 1 µg/ml to 16 µg/ml. However, the MIC of Pseudomonas aeruginosa was generally higher than other isolates against all antibiotics used.
Synergistic Interaction of Amoxicillin in Combination with Other Antibiotics against Selected Multiple Antibiotic Resistant Bacteria
Amoxicillin a beta-lactam antibiotic was combined with other commonly used antibiotics (Augmentin + Amoxicillin, Ofloxacin + Amoxicillin, Ciprofloxacin + Amoxicillin, Tetracycline + Amoxicillin, Cotrimoxazole + Amoxicillin and Chloramphenicol + Amoxicillin) and tested against representative isolates of multidrug resistant bacteria for synergistic interaction. The result in Table 3 revealed the FIC of the combined antibiotics while Figure 1 showed that the combined effect of amoxicillin with other antibiotics is synergistic except augmentin, however, the highest percentage synergistic in- teraction is between the combination of Ofloxacin + Amoxicillin (90%) and Ciprofloxacin + Amoxicillin (90%).
Synergistic Interaction of Tetracycline in Combination with Other Antibiotics against Selected Multiple Antibiotic Resistant Bacteria
Tetracycline was used in combination with other antibiotics for synergistic interaction, the result of FIC is presented in Table 4 and Figure 2 showed percentage synergistic interaction. All the combinations showed a synergistic interaction but there were high percentage synergistic interaction between Tetracycline + Amoxicillin (70%) and Tetracycline + Augmentin (80%).
Synergistic Interaction of Cotrimoxazol in Combination with Other Antibiotics against Selected Multiple Antibiotic Resistant Bacteria
Cotrimoxazol was used in combination with other antibiotics for synergistic interaction, the result of FIC is presented in Table 5 and Figure 3 showed percentage synergistic interaction. All the combinations showed a synergistic interaction but there were high percentage synergistic interaction between combination of Cotrimoxazol + Amoxicillin (50%) and Cotrimoxazol + Augmentin (70%).
Synergistic Interaction of Chloramphenicol in Combination with Other Antibiotics against Selected Multiple Antibiotic Resistant Bacteria
Chloramphenicol was used in combination with other antibiotics for synergistic inte- raction, the result of FIC is presented in Table 6 and Figure 4 showed percentage synergistic interaction. All the combinations showed a synergistic interaction but there were high percentage synergistic interaction between combination of Chloramphenicol + Amoxicillin (70%) and Chloramphenicol + Augmentin (80%).
Discussions
The result of this work revealed that several pathogenic bacteria were present in poultry droppings, isolated bacteria were also in accordance with the findings of [7] [17] [18] [25] [26] . The presence of these bacteria in poultry droppings could be due to the contamination of the feed and water used in feeding the poultry fowl, contamination may also be caused by the body micro floral of poultry attendants. Poultry meat can be contaminated by droppings with a variety of foodborne pathogens that may cause human illness following ingestion and is due to handling of raw meat, undercooking or mishandling of the cooked product [17] [27]. In this study, bacterial isolates showed a very high resistant to augmentin, ceftriaxone, nitrofuratoin, gentamicin, amoxicillin, tetracycline, cotrimoxazole, ciprofloxacin and chloramphenicol while frequency of resistance in ofloxacin is low. Multiple antibiotic resistances observed in this work are in agreement with [28] [29] [30] . Therefore it can be suggested that antibiotic resistance observed in this study is as a result of continual use of antibiotics in poultry. The development of multiple antibiotic resistance in these pathogenic bacteria of poultry origin (e.g. E. coli, Pseudomonas aeruginosa, Klebsiella spp. Proteus spp., Salmonella spp., Shigella spp. and Staphylococcus spp.) constitutes a public health risk, as it may potentially affect the efficacy of drug treatment in humans [31] , high frequency of antibiotic resistance in these pathogenic bacteria may contribute to epidemiology of infections caused by these bacteria in Akure, Nigeria.
Furthermore, as a remedy to the multiple antibiotic resistance observed in this study to various antibiotics especially amoxicillin, tetracycline, cotrimoxazol and chloramphenicol because they are the most used antibiotics in developing countries and are relatively cheap, the emergence and dissemination of antimicrobial resistance to these antibiotics represents a significant threat to human health [16] . Combination effect of amoxicillin, tetracycline, cotrimoxazol and chloramphenicol with other antibiotics were carried out, against the representative of multiple antibiotic isolates and synergistic interaction were observed. This is in agreement with other findings [11] [13] [21] .
Amoxicillin a beta-lactam antibiotic was combined with other commonly used antibiotics (Augmentin + Amoxicillin, Ofloxacin + Amoxicillin, Ciprofloxacin + Amoxicillin, Tetracycline + Amoxicillin, Cotrimoxazole + Amoxicillin and Chloramphenicol + Amoxicillin) showed that the combined effect of amoxicillin with other antibiotics is synergistic except augmentin, however, the synergistic interaction between combination of Ofloxacin + Amoxicillin and Ciprofloxacin + Amoxicillin are 90%. Amoxicillin is β-lactam that impairs the development of bacterial cell wall by interfering with transpeptidase enzyme responsible for the formation of the cross-links between peptidoglycan strands [21] . Several studies have demonstrated synergistic interaction between β-lactams and other antibacterial agents, in which the inhibition of cell wall synthesis by β-lactams significantly enhanced the uptake of other drugs [21] . Similar phenomenon might happen in this study in which synergism of the combinations might arise as a result of increased cellular uptake of ofloxacin and ciprofloxacin due to Amoxicillin induced inhibition of bacterial cell wall synthesis. This will reduce the doses and the risk of dose-related toxicity of fluoroqunolones and enhanced efficiency [32] . This was also reported by [11] [33], the ability of these combinations to inhibit Gramnegative and Gram-positive as well as those considered resistant to amoxicillin and augmentin to a great extent showed that combined therapy of tetracycline + amoxicillin and tetracycline + augmentin against infectious agents could be more effective than their monotherapy as well as killing pathogens before resistance development.
Also, Cotrimoxazol a bacteriostatic antibiotic that competitively inhibit dihydropteroate synthetase (DHPS), which is necessary for the synthesis of the required nutrient 
Conclusion
Poultry droppings is a potential source of human pathogenic bacteria, multiple antibi-otic resistance bacteria observed in this study were of great treat to man as this may cause the treatment of infection caused by these bacteria to be difficult. However, combination therapy is an option to treat these infections, and in vitro experience is needed for the development of future clinical studies, combination of beta-lactam antibiotic with fluoroqunolones, tetracycline, chloramphenicol and cotrimoxazole is synergetic and this will reduce dose related toxicity and prevent resistance to single antibiotic.
